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© Method for Joining single crystal turbine blade halves. 



(§) Single-crystal, nickel-based superalloy turbine 
blades (10) are formed by fusion-welding together 
two matched blade halves (12,14). The matched 
blade halves (12,14) are joined by an erectrospark 
deposition process which deposits a weld filler metal 
along matched faying surfaces- The deposited weld 



filler metal is preferably the same nickel-based 
superalloy used to form the single-crystal turbine 
blades (10). Total heat input to the base metal is 
minimal so that distortion and metallurgical structure 
changes of the base metal are virtually non-existent 




FIG: 1 -114 
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This Invention generally relates to gas turbine 
engine manufacturing techniques. In particular, this 
Invention relates to a method for joining matched, 
single-crystal turbine blade halves formed from 
high-temperature nickel-based superalioys, as 
specified In the preamble of claim 1 . 

Gas turbine engines are routinely used in 
modern-day aircraft In these jet propulsion sys- 
tems, air is drawn in at the upstream end of the 
engine and the pressure, density and temperature 
of the air are raised by a compressor. Just down- 
stream from the compressor, fuel Is Injected into 
the air and burned, adding energy to the gaseous 
fluid. The gaseous mixture then expands and 
passes through a gas turbine (which drives the 
compressor) on Its way to the exit nozzle. There It 
emerges into the atmosphere at an extremely high 
velocity and at a pressure equal to or greater than 
the atmospheric pressure surrounding the nozzle, 
lift and propulsion of the aircraft is thereby 
achieved. 

Current gas turbine engines are characterized 
by demanding performance specifications over an 
Incredibly wide variation in temperature, it Is not 
unusual for the engine specifications to require 
performance at temperatures ranging from subzero 
up to about 1093" G (2000* F). Therefore it is nec- 
essary that the manufacturing techniques used to 
form these engines allow very little room for de- 
viation. In particular, the turbine blades which are 
used within these turbine engines are manufac- 
tured to precise specifications, having dimensional 
tolerances often within a few micrometres 
(thousandths of an inch). 

Generally, the turbine blades are characterized 
by a relatively complex shape, having a thin lead- 
ing edge seam and a wider trailing edge seam. 
Internally, the turbine blade typically has at least 
one cavfty for cooling purposes. These turbine 
blades are sometimes cast as a single unit how- 
ever in the more complex designs, the turbine 
blade is formed by joining two matched halves. 
The turbine blade, whether a single unit or two 
matched halves, is typically formed from a single 
crystal of a nickel-based superaHoy which Is char- 
acterized by high strength at these demanding 
temperature extremes. 

There have been many methods for joining the 
two single-crystal, matched . halves. A particularly 
common method has been to diffusion-braze the 
two mating halves together. In diffusion-brazing, a 
braze filler alloy is provided between the two base 
metal turbine blade halves in those regions where 
the two halves are to be joined. This is typically not 
only at the leading and trailing edges, but also at 
the root and tip portions of the blade, as well as 
around the internal cavities within the blade. When 
heated to the brazing temperature, the braze alloy 



melts. The braze alloy contains a melting-point 
suppressor, generally boron, which diffuses into the 
single-crystal base metal during the brazing opera- 
tion. Since the melting-point suppressor has been 

5 diffused out of the braze filler alloy, the re-melt 
temperature of the braze alloy will correspondingly 
increase. Therefore, solidification of the braze alloy 
will occur at the brazing temperature as the braze 
alloy is depleted of boron. Brazing time and terrv 

to perature are determined so that the re-melt tem- 
perature of the braze alloy (which has been de- 
pleted of its melting-point suppresser) is the same 
as the melting point of the singleKsrystal base 
metal 

15 A problem is encountered when edges of thin 

jectf&ns °* th ® single-crystal nickel-based alloys 

lire diffusion-brazed together, such as" In particular 
when the leading edges of the matched turWne 
blades are brazed together. Due to the sluggish 
20 rate at which the boron diffuses into the single- 
crystel nickel alloy, high levels of boron exist both 
in the braze alloy within the joint region and in the 
surrounding diffusion zone of the base metal after 
brazing. Because the solution and melting-point 
as temperatures for the single-crystal nickel alloys 
used for these turbine blades are extremely close, 
the post-brazing solution heat treatment at the solu- 
tion temperature tor the single-crystal nickel-based 
alloy may actually cause melting within those re- 
so gions where high levels of boron exist such as in 
the brazed Joint and the surrounding diffusion zone. 
This is particularly troublesome since melting may 
disrupt the single-crystal structure of the turbine 
blade and correspondingly diminish hs perfor- 
ms man co characteristics. 

In addition, another problem exists with regard 
to the Joining of these matched turbine blade 
halves. When proper edge-alignment between the 
matched blade halves is not achieved correctly, an 
49 unfiPed edge jofnt wiB remain after brazing. This 
may also occur with turbine blades which have a 
brazed-on cover sheet for providing transpiration- 
cooling of the blade. !n either instance, if proper 
edge~alignment cannot be maintained during the 
4S joining process, an open seam will exist This gap, 
particularly when at the leading edge of a turbine 
blade, will seriously effect the aerodynamic perfor- 
mance of the blade during operation. 

Therefore, what is needed is a method for 
so Joining matched, single-crystal turbine blade halves 
which alleviates the shortcomings of the current 
brazing methods, particularly when joining the thin 
wall sections of these halves such as at their lead- 
ing edge, ft would be desirable if such a method 
55 did not rely on diffusion -brazing techniques, so as 
to alleviate the use of a mefting-point suppressor 
and accordingly eliminate the problem of post- 
brazing re-melt during solution heat treatment of 
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the single-crystal, nickel alloy, base metal, ft would 
also be advantageous if such a method were ca- 
pable of providing a metal! urgically-OHTipatible ma- 
terial in the joined region as compared to the base 
metal. Siill further, it would be desirable if such a 
method could completely and uniformly fin the joint 
between mating blade halves despite any misalign- 
ment between those halves. 

A method for joining single-crystal turbine 
blade halves together according to the present 
Invention is characterised by the features specified 
in the characterising portion of claim 1. 

ft is, therefore, the principle object of this in- 
vention to provide a method for joining matched, 
single-crystal, turbine blade halves, particularly at 
the thin sections of those halves, which utilizes a 
metairurg IcaJIy-c'om patl ble braze filler material that 
does not cause undesirable re-melt of the base 
metal during post-joining solution heat treatment 

It Is a further object of this invention that such 
a method utilizes electrodeposition techniques, par- 
ticularly elecfrospark deposition techniques, to sub- 
stantially eliminate any heat-affected zone within 
the base metal. 

It is still a further object of this invention that 
such a method permits complete and uniform filling 
of the joint region even though some misalignment 
between mating halves may exist 

In accordance wtth a preferred embodiment of 
this invention, these and other objects and advan- 
tages are accomplished as follows. 

An electrospark method is provided for joining 
matched, turbine rotor blade halves formed from 
single crystals of a high-temperature, nickel-based 
euperaitoy. The matched blades are joined by 
fusion-welding of a metal lurgically-compatible ma- 
terial, which in most Instances is Identical to the 
nickel-based euperaDoy used in the mating halves. 

Generally, two matched turbine blade halves 
are provided, each having faying surfaces along 
their leading and trailing edges which are to be 
joined to form a complete turbine blade. The 
blades may also have faying surfaces along any 
internal cooling cavities or along the root and tip 
sections of the halves. At least one of the blade 
halves is cperably electrically connected to the 
negative lead of a rectified alternating current elec- 
trical power source. 

An electrode formed from an appropriate ma* 
fecial which Is metallurglcally-compatlble with the 
nickel-based alloy is electrically connected In par* 
aDel to a capacitor charging circuit and positively 
connected to the AC source of electrical power. 
Preferably, the electrode material is the same as 
the base metal nickel-based afloy- 

The two blade halves are mated along their 
faying surfaces. The electrode is in close proximity 
to the mated faying surfaces and deposits metal to 



this region upon contact between the electrode and 
blade metal and concurrent discharge of the ca- 
pacitor charging circuit. Upon discharge, the elec- 
trode material is transferred from the electrode to 
5 the weld region along the faying surfaces. The 
discharge of the capacitor is repeated as neces- 
sary along the weld region so as to completely join 
the two blade halves at their faying surfaces. 
The discharged material is deposited onto, and 
70 concurrently metallurgjcally alloyed into, the de- 
sired joint region of the blade halves by transfer of 
the material from the electrode using a short dura- 
tion electrical impulse. Although the spark that is 
generated by the discharge of the capacitor is of a 
75 short duration, it has sufficient energy to melt a 
portion of the electrode causing it to be accelerated 
through the arc formed between the negatively ' 
charged blade metal and the positively charged 
electrode, and to thereby be deposited onto the 
20 base metal. Upon contact, the deposited metal 
alloys with the substrate forming a fully dense 
metallurgical bond. The time and energy involved 
are small enough that total heat input to the base 
metal is minimal so that distortion and metallurgical 
25 structure changes of the base metal are negligible. 
This is a particularly advantageous feature of this 
invention, since the single-crystal structure of the 
blade halves must not be significantly impaired by 
the joining process in order to ensure satisfactory 
*> performance of the turbine blades over a wide 
temperature range. 

With this method, there is great flexibility asso- 
ciated with the type of filler metal to be deposited 
and the blade metal used. An Inventive feature of 
35 this method is that the blade halves are joined by 
utifiang a m etalhj rgi caJ fy^co m paii ble filler metal 
which is specifically applied to the desired joint 
regions, thereby eliminating the need for a braze 
alloy which contains a melting-point suppressor. 
40 The filler metal will preferably have the same 
chemical composition as the blade metal. Re-melt- 
ing of either filler metal or blade metal at the joint 
location will not occur during the post solution heat 
treatment of the single-crystal turbine blade. There- 
4$ fore, the single-crystal structure of the blade halves 
is retained- In addition, upon contact between the 
deposited filler alloy and the base metal, a perma- 
nent metallurgical bond is formed between the 
metals, with virtually no heat-affected zone being 
so formed or distortion of the blade metal. Lastly, the 
electrode made from the filler alloy can be manipu- 
lated manually or mechanically, allowing for corn- 
plate control over the deposition of the filler metal 
to the blade metal, thereby making joint fit-up bo- 
ss fween the faying surfaces less critical than with 
conventional methods. 

Other objects and advantages of this invention. . 
will be better appreciated from the detailed de- . 
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scription thereof, which follows. 

The above and other advantages of this Inven- 
tion will become more apparent from the following 
description taken in conjunction with the accom- 
panying drawing, in which: 
Figure 1 is an elevated view showing the prox- 
imity of matched turbine blade halves to an 
electrode formed from filler metal, during depo- 
sition of the filler metal, in accordance with a 
preferred embodiment of this invention; 
Figure 2 is a cross-sectional view of an illustra- 
tive example of the type of turbine blade which 
is formed from two matched halves, and which 
is joined in accordance with a preferred method 
of this invention; and 

Figure 3 is a cross-sectional view taken along 
line 3*3 of Figure 1. showing the deposited filler 
metal which joins the matched turbine blade 
halves. 

The applicants are the first to metallurgical 
join matched, turbine rotor blade halves formed 
from single-crystals of a high-temperature, nickel- 
based superalfoy, using an electrospark deposition 
technique- The matched Wades are fusion-welded 
using a metailurglcaJly-compatible material, which 
is preferably identical to the nickel-based superai- 
loy used in the mating helves- 

As shown In Figure 1, an electrode 16 formed 
from the desired weld filler alloy is retained within a 
holder 16, and is electrically connected to a turbine 
blade 10 formed from the desired base metal, most 
preferably a angle-crystal nickel-based superalfoy 
for performance at extreme elevated temperatures. 
The electrode 16 is charged positively and the 
turbine blade 10 is charged negatively for deposi- 
tion of material. 

As shown cnoss-aectionalry in Figure 2. two 
matched turbine blade halves 12 and 14 are pro- 
vided which are each formed from a single crystal 
of the desired nickel-based superalloy. Each blade 
half has faying surfaces along its leading and trail- 
ing edges, 28 and 30 respectively. When the blade 
halves are joined along these faying surfaces 23 
and 30, a complete turbine blade 10 is formed For 
clarity purposes, the turbine blade 10 is shown as 
having only one internal cooling cavity 22. In prac- 
tice, the turbine blade 10 may have a Complex 
cooling system with several internal cooling cav- 
ities. Thus, the blade halves 12 and 14 would also 
have faying surfaces along these internal cooling 
cavities as well, and possibly also along the root 
and tip sections of the blade halves 12 and 14 If 
necessary. The advantages associated with the 
method of this invention are most apparent though 
when joining the extreme fy thin portions of the 
blade halves 12 and 14, such as at the leading and 
trailing edges 28 and 30 thereof, since there is no 
heat-affected zone formed with this method to dis- 



rupt the single-crystal structure of the underlying 
base metal. At (east one of the blade halves 12 or 
14, will be operably electrically connected to the 
negative lead of a rectified alternating current elec- 
s trfeal power source. 

The electrode 16 shown in Figure 1 is formed 
from an appropriate wefd filler material. As stated 
previously, it is preferred that the electrode 16 be 
formed from the same nickel-based alloy used In 
70 the turbine blade halves 12 and 14 for maximiza- 
tion of the physical properties of the turbine blade 
10 during performance. The electrode 16 is prefer- 
ably electrically connected in parallel to a capacitor 
charging circuit and positively connected to the AC 
1$ source of electrical power (not shown). Although 
other means for achieving the desired electrical 
circuitry may also be used. 

As shown in Figure 1, the two blade halves 12 
and 14 are mated along their faying surfaces 28 
20 and 30. As shown greatiy exaggerated in Figure 3, 
the electrode 16 is disposed in proximity to the 
mated faying surfaces (both shown as 30) where 
the weld is desired. 

The weld filler alloy (depicted as region 20) is 
26 deposited onto, and alloyed into, the desired weld 
region at the faying surfaces 30 of the matched 
blade halves 12 and 14 by transfer of the filler 
metal from the electrode 16 using a short duration 
electrical Impulse. A capacitor Is conventionally 
90 charged using a rectified alternating current power 
source and then discharged through the electrode 
16 by the firing of an independently triggered 
thyrfstor (not shown). As stated previously, alter- 
nate means for accomplishing the discharge of the 
ss capacitor are known in the art and may be used. 

The spark that fs generated by the discharge Is 
of a short duration, yet it has sufficient energy to 
melt a portion of the filler metal electrode 16 caus- 
ing It to be accelerated through the arc formed 
4a between the negatively charged blade half 12 or 14 
and the positively charged electrode 16. Alter- 
natively, the entire matched and assembled turbine 
blade 10 could be negatively charged, If this is 
more feasible in practice. The melted portion of thB 
45 filler metal electrode 16 is thereby deposited at the 
weld region 20 between the faying surfaces 26 and 
30 of the blade halves 12 and 14. Upon contact, 
the deposited filter metal 20 alloys with the base 
metal of the turbine blade 10 so as to form a fully- 
&> dense metallurgical bond between the metals. The 
time and energy involved during the deposition 
process are relatively small, so that total heat input 
to the base metal of the turbine blade 10 is mini- 
mal. Therefore, distortion and metallurgical struc- 
55 tune changes of the single-crystal base metal of the 
turbine blade 10 are negligible. This is a particu- 
larly advantageous feature of this invention, since 
the single-crystal structure of the blade halves 12. 
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and 14 must not be significantly impaired by the 
joining process so as to ensure satisfactory perfor- 
mance of the turbine Wade 10 over a wide tem- 
perature range. 

Frequency rates varying between about 200 H2 
to about 1200 H2 for the alternating current are 
used to generate the sparking, and corresponding 
melting, of the filler alloy electrode 16. it has been 
determined that this range of frequencies provides 
sufficient energy into the electrode 16 so as to melt 
the material, but also allows sufficient control over 
the material deposition rate. 

Deposition of the tiller aJtoy electrode 16 oc- 
curs as the electrode 16 contacts either matched 
turbine blade half 12 or 14, and the capacitive 
circuit , is concurrently discharged. As stated pre- 
viously, Figure 3 is greatly magnified for purposes 
of discussing this invention, and shows the 
matched faying surfaces 30 at the trailing edge of 
the turbine blade 10, as well as a portion of the 
internal cooling cavity 22. In actuafity, the distance 
between matched faying surfaces 30 would be 
extremely small. Therefore, the electrode 16 would 
appropriately contact either, and most probably 
both, blade halves 12 or 14. It is preferred that the 
surfaces 30 contact each other however this is 
difficult to achieve along the entire length of the 
faying surface 30. The weW 20 is provided either 
between the faying surfaces 30 as shown (though 
not to scale), or tf the matched faying surfaces 30 
contact each other, the weld 20 is provided on the 
outer circumference of the faying surfaces 30- A 
relatively large distance Is shown between the 
matched faying surfaces 30 to illustrate the advan- 
tages of this invention when a large gap Is present. 
WHh conventional methods, these two surfaces (30) 
could not be satisfactorily joined, thereby a gap 
would remain and would result in diminished aero- 
dynamlo performance of the turbine blade 10. 

The electrode 16 is provided within an appro- 
priate holder 18 which is manually or mechanically 
moved along the desired weld region 20 along the 
faying surfaces 28 or 30, whilst the simultaneous 
and continual discharging of the capacitor occurs. 
With this method, weld filler alloy 20 is only depos- 
ited at the desired regions where contact is made 
between the electrode 16 and the base meted of 
the turbine blade TO. Therefore, this method facili- 
tates the production of any desired length or con' 
figuration of weld joint 20 and is limited only by the 
accessibility of the electrode IB to the weld region 
20, thereby permitting great flexibility during as- 
sembly of the blade halves 12 and 14. h" has been 
determined that deposition of the electrode material 
16 occurs more smoothly if the electrode 16 Is 
simultaneously oscillated or rotated whilst contact- 
ing the turbine blade halves 12 and 14. This pre- 
vents sticking of the electrode 16 to the base metal 



of the turbine blade 10 when the melted portion of 
the electrode 1 6 is deposited. 

With this method, the layer of weld filler alloy 
20 is metallurgical bonded to the turbine blade 10 

5 base metal. The surface of the weld 20 is typically 
not smooth, as shown, due to the nature of this 
deposition process wherein the electrode 16 is 
moved aJong the length of the desired weld region. 
Individual fillets are formed each time the electrical 

to circuit is discharged through the electrode 16 and 
the small amount of electrode material is melted if 
a smooth weld 20 is required, the layer 20 can be 
appropriately machined or polished after deposh 
tion. 

75 The blade halves 12 and 14 may be formed' 
from any suitable high-temperature material. Also, 
if is preferred that the material be capable of being 
cast into a single-crystal for maximization of its 
strength and physical properties at the elevated 
20 temperatures. Examples of suitable materials are 
not only the iron and nickel-based superalloys, but 
also cobalt-based aJbys, stainless steels, iron al- 
loys, mechanical alloy materials, and titanium al- 
loys. The inventive work has been directed primar- 
2$ ily to the use of various commercially-available 
nickel-based superalloys which are suitable for 
high-temperature use, although it is expected that 
satisfactory results would be achieved with any of 
the above-listed materials. The commonly-known 
so material designation names and elemental com- 
positions (in nominal weight percentages) of such 
superalloy materials are as follows: 

CMSX-3: 7.8%Cr, 4.6%Co. 0.5%Mo, &0%W, 
1.0%Tr, 6.0%Ta, 5-0%AJ, Q.1%Hf and balance Ni, 
35 which is a commercially-available, single-crystal 
cast material; and 

AF58: 12.0%Cr, 9.0%Go, 2.0%Mo, 4.5%W, 
4,3%T7, 4^%Ta, 3.3%AI, 0.002%B, 0.01 %Zr, 
0.25%Fe. 0.06%Va, 0.01%Hf and balance Ni. 
40 which is also a commercially-available, single-cry- 
stal cast materfal- 

The wekJ filler alloy may be any electrically- 
conductive material that can be .formed into an 
electrode and that is metallurgically-compatible 
45 with the single-crystal nickel-based metal to be 
welded. The weld filler alloy must be able to con- 
duct and discharge the electrical charge of the 
capacitive charging circuit, which is used to melt 
the weld filler alloy electrode so as to deposit the 
so . weld filler alloy appropriately. Preferably though the 
weld filler alloy Is the same material as the single- 
crystal nickel-based alloy used to form the turbine 
blade components. This preferred combination 
maximized the performance of the material (and 
65 accordingly the turbine blade itself) at the elevated 
temperatures. However, other metallurgical ry-com- 
patible materials could be used such, as weld filter 
alloys formed from other nickel-based alloys, as 
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well as Iron and cobalt-based materials. 

The weld filler alloy was successfully deposited 
onto matching components formed from each of 
the two single-crystal nickel-based superalloys us- 
ing the ©lectrospark deposition method of this in- 
vention. In each case, the weld filler alloy was 
identical to the single-crystal, nickel-based metal 
used; i.e.. CMSX-3 material was used with CMSX-3 
and AF5S material was used with AF59. 

The welds formed with the applied weld filler 
alloy in accordance with this Invention exhibited 
dense metallurgical bonds with no heat-affected 
zones in the base metaJ of the blade. After appro- 
priate heat treatment known in the art for each 
particular base metal, the weld region had the 
same crystaltoqraphic microstructure as the base 
metal of the blade. 

The preferred eJectrospark process parameters 
employed for both materials are as follows. Ad 
shown in Figure 1, first, any internal ribs and thic- 
ker edges of the turbine blade halves 12 and 14, as 
well as base 24 or root 23 sections of the blade 10 
if necessary, $houid be conventionally diffusion- 
brazed together. In addition, the thicker edges of 
the tip, leading and trailing edges of the blade 
halves 12 and 14 could be first diffusion-brazed 
conventionally, before finishing the joining process 
with this method on those surfaces which are ex- 
tremely thin, where the resulting crystallographlc 
microstructure is most critical. Preferably, the 
faying surfaces to be joined with this method are 
machined to form a radius of approximately 0:508 
mm (0.020") with a 60 degrees bevel from the 
centertine frereof. This facilitates the acceptance of 
the weld filler alloy and the corresponding fusion- 
welding of the materials. 

Next the surfaces to be joined by this method 
are deaned thoroughly, such as by grinding or 
machining to remove gross debris followed by grit- 
bJastfng to remove any other foreign matter. The 
surfaces then should be wiped with acetone or any 
other traditional cleaning solvent 

The electrodes used to metallurgical^ weld the 
faying surfaces of the turbine blade halves are 
formed from either the CMSX-3 or AF56 depending 
on the base metal of the turbine blade halves. The 
electrodes are 218 mm (0.086") in diameter and 
50.8 mm (2.0") long for the oscillating/type of elec- 
trode holder, and 3.18 mm (0.125") in diameter and 
50.8 mm (2.0") Jong for a rotating-type of electrode 
holder. It is preferred for best control of me welding 
process that the tip of the electrode should not 
extend more than 31.75 mm (1.25") from a chuck 
of the electrode holder. 

The single-crystal nickel based superalloy 
blade halves are then coated using this technique. 
Argon gas flows over the region to be welded at a 
rate sufficient to shield this region from unwanted 



oxidation or exposure to the atmosphere. In prac- 
tice, the argon was flowed at about 283.17 
dm s /hour (10 cubic feet per hour), and the region 
to be joined was purged with the argon for about 
6 30 seconds prior to coating to ensure good welding 
results. Any other commercially-available inert gas 
could also be used to shield the region during the 
braze alloy deposition process. The electrode be- 
gins either oscillating or rotating motion, depending 
w on the type of electrode holder used, and the 
capacitor is charged. The workplace is touched 
with the electrode with a pressure equivalent to 
what would be used for colouring with a wax cray- 
on. The electrode is then moved along the faying 

75 surfaces of the blade halves applying an even line 
of the wekJ filler alloy produced from the electrode 
arcing. Preferably, overlapping passes are mads 
with the electrode until the entire surface is uni- 
formly covered with the braze alloy. The electrode 

so angle should be at about a 45 degree angle with 
the workplace during the deposition process. 

The capacitance value employed is about 20 
microfarads and the frequency Is about 200 Hz. A 
short-circuit voltage of about 100 volts and a short- 

2s circuit current of about 1 Ampere is used. These 
parameters may be varied within reasonable limita- 
tions, however these yalues resulted in high-quality 
metallurgical welds. The particulars of the elec- 
trospark deposition method used are similar to the 

30 disclosure made in US. Patent No. 4.405,851 to 
Sheldon entitled "Apparatus for Transfer of Metafile 
Materials by Electric Discharge 1 '. 

In addition, It is foreseeable that one would 
want to use this method to join the leading edge of 

35 the two cooling sheet halves that are diffusion- 
brazed to the turbine blade. The cooling sheets are 
perforated and are used to promote transpiration 
type cooling of the turbine Wade. The drffusiorv 
brazed cooling sheets are also formed from the 

4o single-crystal nickel-based material and are ex- 
tremely thin. Therefore, this method would be ad- 
vantageous for joining the butting edges of the two 
connecting cooling sheet halves at the feeding 
edge of the blade, if desired, for the same reasons 

45 as set forth above, 

With this method, there is great flexibility asso- 
ciated with the type of filler metal to be deposited 
and the blade metal used. An advantage of this 
method is that the blade halves are Joined by 

50 utilizing a metallurgical ly-compatible filler metal 
which is specifically appfied to the desired joint 
regions, thereby eliminating the need for a braze 
alloy which contains a melting-point suppresser. 
The filler metal will preferably have the same 

55 chemical composition as the blade metal. In addi- 
tion, upon contact between the fiDer alloy and me 
base metal, a permanent metallurgical bond is 
formed with virtually no heat-affected zone or dis- 
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tortfon to the blade metal. Therefore, the single- 
crystal structure of the blade halves is retained, 
even during the post-joining heat treatment. Lastly, 
the electrode made from the filler alloy can be 
manipulated manually or mechanically, allowing for $ 
complete control over the deposition of the filler 
metal to the Wade metaf, thereby making joint fit- 
up between the faying surfaces less critical than 
with conventional Joining methods. 

While the present invention has been de- >0 
scribed in terms of preferred embodiments, it Is 
apparent that other forms of this method could be * 
adopted by one skilled in the art, such as by 
substituting other base metals or weid filler alloys, 
or by modifying the electrical circuitry or hook-up ts 
illustrated. Accordingly, the scope of the present 
"ifwentton" Is to be limited only by the scope of the 
following claims. 

Claims 20 

1. A method tor joining single-crystal turbine 
blade halves (12,14) in which a first turbine 
blade half (12) having a first faying surface 
(28,30) and a second turbine blade half (14) ss 
having a second faying surface (25,30) are 
provided, each of which are formed from a 
nickel-based alJoy oriented essentially along a 
single crystaflographic plane and are matched 
So as to form a complete turbine blade (10) zo 
when said first and saJd second faying sur- 
faces (28.30) are joined to one another; and 
said first and said second faying surfaces 
(28.30) are Joined to one another metallurgi- 
cal^ characterised in that the method includes ss 
the folfowingsteps: providing an electrode (18) 
formed from an appropriate material which is 
metaJlurgteaily-compatible with said nickel- 
based alloy; mating said first and said second 
turbine blade halves (12,14) essentially along 40 
said first and said second faying surfaces 
(28,80) so as to form a turbine blade assembly 
havfng a weld region (20) along the length of 
said faying surfaces (28,30), said electrode 
(16) being in proximity with said weid region 45 
(20); operably connecting positive and negative 
discharge leads to a capacffive charging cir- 
cuit, said positive lead being directly connect- 
ed to said electrode (18) and said negative 
lead being operably connected to said turbine so 
blade assembly (10); discharging a capacftor 
within said capacitor charging circuit through 
said electrode (16) upon contact between said 
electrode (16) and said weld region (20) of said 
turbine blade assembly (10), so that material $$ 
from said electrode (16) Is transferred from 
said electrode (16) to said weid region (20); 
and repeating said discharging step as neces- 



sary within said weld region (20) along said 
length of said faying surfaces (28,30) so as to 
mstaJlurgicalfy loin said first and said second 
turbine blade halves (12,14) together at said 
weld region (20). 

2. A method for joining single-crystal turbine 
blade halves (12,14) according to claim 1. in 
which said electrode (16) is formed from said 
nickel-based alloy used in said first and sec- 
ond turbine blade halves (12,14). 

3. A method for joining single-crystal turbine 
blade halves (12,14) according to claim 1 or 2, 
in which the electrode (16) is provided with 
means for oscillating or rotating said electrode 
(16): and the method includes purging said 
weld region (20) with an inert gas whilst con- 
tacting said weld region (20) with said oscillat- 
ing or rotating electrode (16) and concurrently 
discharging said capacitor within said capacitor 
charging circuit through said electrode (16). 

4. A turbine blade assembly (10) for use in a 
turbine rotor comprising; a first turbine blade 
half (12) and a second turbine blade half (14) 
joined together along at least one common 
surface (28,30). each of said blade halves 
(12,1 4) being formed from a nickel-based alloy 
oriented essentially along a single crystallog- 
raphy plane, characterised In thai said joined 
region (20) consists also of, saldTnickeJ-based 
alloy with essentially no disruption of said sin- 
gle crystaDographio structure En said first and 
second blade halves (12 P 1 4). 
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